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(54) Optimum-recording-speed determining method, recording-speed setting method and 
recording method for optical disk- - 



(57) Optimum power; control also known as OPC is 
performed while changing a recording speed and a'- 
recording laser power level. Signal recorded through the 
optimum power control is reproduced'fQr .measurement 
of reproduced signal quality. Recording speed achieving 
a recording laser power, level, that can provide repro- 
duced signal quality" falling ^within a? predetermined . 
acceptable range is' displayed as a recommendable 
recording speed so that a user can "set the displayed; 
speed as a recording speed for use in actual recording. 
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Description 

[0001] The present invention relates to an optimum- recording-speed determining rjiethod for determining whether 
or not a given recording speed to be used for optical disk recording achieves appropriate recording that permits repro- 
duction of recorded information with minimized reading errors or which' recording speed permits reproduction of 
recorded information with minimized reading errors, and a recording-speed setting method and optical disk recording 
method based on such an optimum-recording-speed determination. 

[0002] Today, recording on writable optical disks, such as write-once optical disks like CD-R and DVD-R media and 
rewritable optical disks like DVD+RW and DVD-RW media, is performed at increased speeds relative to a normal (non- 
increased or one-time) reproducing speed, such as a double speed, quadruplespeed and the like, with a view to reduc- 
ing a necessary recording time. ; 

[0003] For appropriate optical disk recording that permits subsequent reproduction of recorded information with 
minimized reading errors, it has been conventional to change the so-called "recording strategy" such as by adjusting a 
power level, irradiation time, irradiation timing, etc. of a recording laser light beam in accordance wrth a selected one of 
the recording speed increase ratios. J 

[0004] Recently, it has been found that as the recording speed increase ratio is raised, appropriate recording tends, 
to become more difficult to achieve by just changing the recording strategy (e.g., adjusting the power level, irradiation 
time, irradiation timing," etc. of the recording laser light beam), even with a same type of media (optical disks), depending 
on the manufacturer of the media, and'trius there would be manufactured media' prone to frequently cause reading 
errors. Consequently," it has been found^that even' recording speeds, settabie in a recording drivV(i".e., optical disk 
recording apparatus), have to be properly restricted depending on the media used. 

[0005] In view of the foregoing, it is an object of the present invention to provide an optimum-recprding-speed deter- 
mining method for determining whether or not a recording speed to be used for optical disk, recording achieves appro- 
priate recording that permits reproduction of recorded information with minimized reading errors or which recording 
speed permits reproduction of recorded information with minimized reading errors, and an improved record! rig-speed 
setting method arid optical disk recording method based on such an optimum -recprdjng-speed determination. " 
[0006] According to an aspect of the present invention, there is prpvidecf a method of determining an", optimum 
recording speed of ah optical disk, which comprises" the steps of: performing test recording on the optical diskatV given . 
recording speed while bhariging a recording laser power level, and reproducing results of the test recording from the" 
opticaPdisk; measuring'parameter values pertaining to reproduced signal .quality on the basis of the reproduced results; 
and determining, bri the 6asis of the parameter values, Whether there is achieved any laser power ievej that t cari provide 
reproduced signal quality falling within a predetermined acceptable range.^When jtjs determined that there js achieved 
the laser power level that* can provide reproduced signal quality falling within the 'predetermined acceptable Van ge, the ' 
given recording speed is judged as a proper recording speed, while when it is determined that there is achieved no laser 
power level that can provide reproduced signal quality falling wrthm the^ predeterm given 
recording speed is judged as an improper recording speed. With such arrangements, ^determination £an be made as 
to whether or not the recording speed to be used provides* for appropriate recording | that permits^ reproduction of 
recorded information with minimized reading errors. 1 ' - v -j •.-».- ■ . 

[0007] According to another aspect of the present invention, there is provided a method of determining an optimum 
recording speed of an optical disk, which comprises the steps of: "performing test/ecprding on the optical disk while 
changing a recording speed and a recording laser power level, and reproducing results of .the test .recording from the 
optical disk; measuring parameter values pertaining to reproduced signal quality" oh the basis of the reproduced resuits; 
and determining/on the basis of the parameter values, whether there i/achjeved any laser power level that can provide 
reproduced signarquality'fallihgi within a predetermined acceptable range. Recording speed achieving the laser power 
level that can provide reproduced signal quality falling within the predetermined acceptable range is judged as a proper 
recording speed, while another recording speed achieving no laser power level that can provide reproduced signal quak 
ity falling within the predetermined acceptable range is judged as an improper recording speed. 

[0008] " The above-mentioned parameter values'pertaining to reproduced signaj.quality may include atjeast param- 
eter values relating to the total number of synchronisation signals detected within .a predetermined time period and a 
ratio between top and I bottom peaks of a reproduced HF signal, here,' a recording speed achieving a laser "power level 
that allows both of the parameter values relating to the total number of detected synchronization signals arid the ratio 
between top and bottom peaks to fall within respective acceptabj/ranges may.be judged" as a proper recording speed. 
Results of the judgement may be displayed visually. Even at' a recording speed which allows the optical disk recording . 
apparatus to perform appropriate recording that permits reproduction erf recorded information with minimized reading 
errors, a buffer memory within .the recording apparatus," during actual recording, wcajld cause a buffer underrun condi- 
tion, i.e.;, run out of data, if a host computer, such as a personal computer, has low processing capabilities and can only 
transmit recording data at a low rate, with trie result that the optical disk. recording apparatus fails in the recording. To 
avoid such inconveniences, it is preferred that the optimum recording-speed determining method of the invention further 
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comprise the steps of: causing the recording data to be transferred from a host computer to an optical disk recording 
apparatus so that the optical disk recording apparatus records the recording data onto the optical disk with a reproduc- 
ing laser power level while changing the recording speed within a recording speed range settable in the optical disk 
recording apparatus; determining whether the buffer memory of the optical disk recording apparatus will cause buffer 
5 underrun during recording of the recording data,' to thereby identify one or more recording speeds that can avoid the 
buffer underrun; and then performing the test recording by use of one of the recording speeds that can avoid the buffer 
underrun. 

[0009] • According to still another aspect of the present invention, there is provided a method of setting a recording 
speed of an optical disk, in which one or more recording speeds judged as proper through any one of the above- 
w described speed determining methods is displayed in such a manner that one of the displayed recording speeds can 
be set for use in actual recording oh the basis of a speed designating operation by a user. 

[0010] According to still another aspect of the present invention, there is provided a method of setting a recording 
speed of an optical disk, in which one or more recording speeds judged as proper through any one of the speed deter- 
mining methods is stored onto a predetermined area of the optical disk, and in which as the optical disk is re-loaded 

is into the optical disk recording apparatus, information indicative of the recording speeds judged as proper is read out 
from the predetermined area and displayed in such a manner that one of the displayed recording speeds can be set for 
use in actual recording on the basis of a speed designating operation by a user without a need for performing the. test 
recording again. Thus, for an optical dfe^for which the optimum recording speed determination has been. performed 
once, the optimum recording speed can "be known. without having to perform the optimum recording speed determina-. 

20 tion again, with the result that a time necessary for making preparations for actual recording. can be reduced to a signif- . 
icant degree. 

[0011] According to still another aspect of the present invention, there is provided a, method of setting a recording, 
speed of an optical disk, which comprises: a jstep of performing test recording on the optical disk with a recording speed 
initially set to a maximum available speed while changing a "recording laser power level, and reproducing results, of the 

25 test recording frorn the optical disk; a step of measuring parameter vaiues pertaining to 'reproduced signai quality oh 
the basis of the reproduced results; a step of/ when there is achieved a recording laser power level that can provide .. 
reproduced signal quality higher'than^a predetemined value, terminating the test recording at the recording speed, 6ut. 
when there is achieved no recording laser power, level that can provide reproduced signal' quality higher than the pre-\[ 
determined value/ perfdrrhing the test 'recording while sequentially' lowering the recording speed andterminatjng.the. 

30 test recording at a* recording speed that can provide reproduced' signal Quality higher than the predetermined value; and. 
a step of displaying/ &s fa recpmmendable or settable recovering' speed; 'each recording speed having been used. at the ., 
time of termination of the test recording in suc^ speed can be set for use jn actuaf 

recording. In this invention, 'th^^ af Highest one of such recording speeds that provide for 

appropriate recording capable of minimizing reading errors during re of Vecorcied Inf phmat ion.' This. recordin g- 

35 speed setting rrteth bd may f u rth 'er comp rWe' th e stejbs of : t ca uisi n g recdrdi ng dat a to be frarisf e rred from a h ost com p ut e r 
to an optical disk recording apparatus so trjaf^ recording data onto the 

optical disk With a r refiroducing l^ser power fever ^while changing a recording speed within a recording speed range set- 
table in the optical disk recording apparatus; beyrminihg whether a 'buffer memory of the optical disk recording appa- 
ratus will cause buffer underrun during recording of the recording data, to thereby Identify one or more recording speeds 

<o that can avoid the buffer underrun; and setting a Highest one of the one or more recording speeds as the maximum 
available Speed for'pe'rfbrming the test recording. Wftii i such airangemerits, the present invention i' cart' effectively avoid 
needlessly or wastefully J perfbrming the test recording for Irecprding speed buffer underrun prob- . 

lem. Further, a' warning may be displayed when^ test reposing at the maximu m 

available speed, that there is achieved nojecording jaser^ower level that'ean prpvjcte i reproduced signal quality, higher 

45 than the predetermined value,' So that' the user ^can be' ihformecl that 'no recording is permitted at that the';maximum _ 
available speed. - " 5 sr ~ * ' 1 ' r " ''" " " : " f 

[001 2] Accordi hg to stiirahother.aspecf of the r prese nt 1 nvention , there is' provided a'methpd of setting a* recording 
speed of an optical disk, which compfisesfa step i of performing test recording oh the optical disk^with a recording speed 
initially set to' a" desired speed designated by a user operation while changing a recording laser power* level, ahd/ep/p-' 

so ducing results of the test recorciing from the optical disft; a step of measuring parameter values pertaining tp/epro'duced _ 
signal quality on the basis of" the reproduced results; a step'of, when thereis achieved' a recording laser power levefthat ". 
can provide reproduced sign aVqua I ity higher than a predetermined value, terminating the test' recording at/the recording 
speed, but when there is achieved ho recording laser power level thatcan provide reproduced signal quality higher than" ' 
the predetermined value, performing the test recording while sequentially lowering thelecbrding speed and terminating 

55 the test recording at a recording speed that can provide reproduced signal quality higher than the predetermined value; ' 
and a step of displaying/as a recommenclable or settable recording speed, each recording speed having been used at 
the time of termination of the test recording iri'such a mariner that the displayed recording speed can be set for use in 
actual recording. With such arrangements, the recording can be performed at a highest one of the recording speeds' 
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within the user-designated speed range that provide for appropriate recording capable of minimizing reading errors dur- 
ing reproduction of recorded information. This recording -speed setting method too may further comprise the steps of: 
causing recording data to be transferred from a host computer to an optical disk recording apparatus so that the optical 
disk recording apparatus records the recording data onto the optical disk with a reproducing laser power level while 
changing a recording speed within a recording speed range settable in the optical disk recording apparatus; and deter- 
mining whether a buffer memory of the optical disk recording apparatus will cause buffer underrun during recording of 
the recording data, to thereby identify one or more recording speeds that can avoid the buffer underrun. In this inven- 
tion, the user is allowed to designate an initial recording speed for the test recording from among the recording speeds 
that can avoid the buffer underrun. With such arrangements, the present invention* can effectively avoid needlessly or 
wastefully performing the test recording for recording speeds that would cause th^buffer underrun problem. Further, a 
warning may be displayed when it has been determined, as a result of the test recording atthe user-designated speed, 
that there is achieved no recording laser power level that can provide reproduced signal quality higher than the prede- 
termined value, so as to inform the user that no recording is permitted at that the maximum available speed and thereby 
prompt the user to change the setting of the recording speed. ' ! * : * "-■ * • 

[001 3] According to still another aspect of the present invention, there is 'provided ah optical disk recording method, 
in which actual recording is performed on an optical disk at a recording [ speed 'th&h'ifi been set for use in the actual 
recording through any one of the above-described recording speed setting methods, by, on the basis of the test record- 
ing, setting the recbrdinjg laser power level to a value with which theVe Ttas been 7 provided reproduced signal quality 
within the predetermined acceptable range. Such i arrangements, recording can be performedon the optical disk at a 
20 high speed In such a manner as' to* minimize reading^eh-ors? ' " "* 1 * ' 1 " 1,3 - , ' : ' n> ''-'.' >- J 

[001 4] For better understanding of the bbjfect n and ^bther features of trie present invention, its preferred embodiments 
will be described hereinbelow in greater detail wjmVeferenceto ^ drawings, jn which: 

Rg. 

25 information 1 

embodiment of the present invention, as Well as an inner 'structure ; df thie oiqtical disk recording apparatus^* 
Fig. 2 is a flow chart showing' an exemplary sequence bf operations performed in a systerri- depeftcleht optimum' 
recording speed determining test by the systerti of Ffg/'l;' : *' * ■' 

Fig. ° - • '- 1 ; ■ 



15 



30 



35 



40 




Fig. 3 is a flow chkrt showing an exemplary sequence of operations perfdrmeld in i media-dep&ndent optimum ' 
recording speed dete/mjnirig test by the systerh of c :. *';;•> : * — U 

Fig. 4 is a dla^namfexplarimtt^'bfVp value; 4hd f '^ * : '* "~ • '• * M - " : * '"• - : r ■ ^ • • 
F | 9 p:' 6 ^.' 5D d'agram shying various example^ of speed displ^y : of VhosfcompUter 

[0015] Rg. V is a block di^rahri showing an^xempkry;brga^ bf a system for' recording and reproducing 
desired information to and fVoril an optical' disk by tjse of sin ^b>ticai;disk fording apparatu^in accordance With a pre-' 
ferred embodiment of thfe present jnVentibn, ^.vyeii as *an Tnner strdcture of the bptical'disk recording apparatus. The 
optical disk recording apparatus jdlnciudes aCD^ capable of VecoVding and reproduction on CD-R and 

CD-RW disks. The optical disk recording apparafu^ f2 to a host bb : mf)uter 

14 such asa pbrsonal computer. Hard disk drive 10 Ws stored ^therein" data W be recorded by the opticaldisk recdrdina^ 
apparatus 10. • : ' ' " ' ; ~'/ v " " k J J '"' J ] ^ - £ r • ■■• a 

[001 6] ; Optical disk 1 8 for use in the optical •disk^recordin^ apparatus 1 0 is a CD~-R, bb-RW disk or the like, which 
is driven to' rotate via a spindle motor 20 so'tHat deSignmed information ic^nVe recorded and reproduced (readout/to^ 
and from the optical disk 18 by means of £ laser light bearfi . emitted f rom an optical" head 22. Servo control circuit 24 
45 performs rotation speed control of the spindle motor 20, _and4rack)ng cbntrol, focusing control and feeding control of the * 
optical head"22. In recording, the rotation speed of thes|5iridle raptor 20 is controlled "in accordance with a recording " 
speed increase ratio selected byk user via the host computer 14: ' n ^7, v ' v 3 " ' ' ' : - : " '* ; *' 

[001 7] During recording, recording data, read out :*f rdm the hand d^ sent out'from the host computer 

14 at its own data transfer rate, are input to the'optical disk recording apparatus 10. \nihe optical disk recording appa- 
so ratus' 10, the input recording data are temporarily stored intp'a buffer memory (RAM) 26 and'then r^ad out from the 
buffer memory 26 at a speed corresponding to the user-selected recording speed increase ratio. Then, the read- out : 
data are subjected to an EFM (Eight to' Fourteen "Modulation) operation by a data modulation circuit 28, and then ' 
passed to a recording signal adjustment circuit 30 where time axial characteristics of the data, such as irradiation time 
and irradiation timing of the laser light beam based on a recording strategy,' are adjusted as appropriate Laser drive 
55 circuit 32 modulates the laser light beam 23, emitted from the optical head 22, with the recording signals, so as to form 
pits in the recording layer of the opticai head 18 for recording of information. Power level of the laser light beam 23 is 
precisely controlled, in accordance with an ALPC (Automate Laser Power Control/ defection output, to assume a des- 
ignated level. 
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[0018] In reproduction, each, signal read out from the optical disk 18 via the optical head 22 is binary-coded by a 
signal processing circuit 34 and then delivered to a data demodulation/error correction circuit 36 for demodulation from 
the EFM format and correction of possible errors. Each output signal from the demodulation/error correction circuit 36 
is transferred to the host computer 14 via the interface (l/F) circuit 12. System controller 40 controls the entire optical 

5 disk recording apparatus 10. 

[0019] Prior to actual recording onto the, optical disk 18, the optical disk recording apparatus 10 carries out tests, in 
response to instructions from the host computer 14, for determining an optimum recording speed and optimum record- 
ing laser power level. Optimum recording speed is determined here which satisfies following two requirements: .1 ) that 
the speed should allow the buffer memory to provide for appropriate recording without causing undesired "buffer under- 

io~- run" in light of the data transfer rate of the host computer 14 (i.e., requirement as a "system-rdependent optimum record- 
ing speed"); and 2) thauhe speed should achieve appropriate recording capable of minimizing reading errors during 
reproduction of recorded information (i.e., requirement as a "media-dependent optimum recording speed?). 
[0020] The test for determining the system-dependent optimum recording speed (hereinafter called a "system- 
dependent optimum recording speed determining test") is carried out as follows. When the optical disk J 8 is. loaded into , 

is the optical disk recording apparatus 10 for the first time after the apparatus 10 is connected to the host computer 14,. 
the system-dependent optimum recording speed determining test is automatically initiated in response to an instruction, 
from the host computer 14 based, on a user's operation, in Fig. 2, there is shown an exemplary sequence of operations . 
performed in the system-dependent optimum recording speed determining test. Upon start of. the. system-dependent 
optimum recording speed determining' test (step SI 6), the host computer 14 sets. the opticaLdisk recording apparatus 

20 1 0 to a highest recording speed available or settable in the recording apparatus .TO, at stepjsi 1 .Then, at step S12 ?i the , 
host computer 14 reads out designated recording data from the hard disk drive 16, transfers the read-out recording data, 
to the optical disk recording apparatus 10 at its own data transfer rate, and then causes ( the recording apparatus 10 to. 
record the transferred data for a predetermined time period with a predetermined reproducing (not recording) laser 
power level; that is, because the reproducing laser power level i? used, no data is actually recorded onto the optical disk 

25 18 at this .step. AUhat time, a' buffer gnderrun detection circuit 42' of Fig. ~1 constantly detects a quantity of data being 
currently stored in the buffer memo 17 2^ underrun", at step ST3.Jf "the 

data transfer speed of the host compute rj^is higher than. the recording speed^of the optical .disk recording apparatus 
1 0, there will occur no buffer underrun'] but if the data 'transfer speed of the. host computer 1 4 is lower than the recording 
speed of the recording apparatus lO^thereiWiN occur such buffer'underrun. Determination result of the buffer underrun 

30 detection circuit 42 is stored into the host computer 1 4 at step St 4! After that, the^ above-mentioned test operations are 
repeated after lowering the recording speed by one step or level at step S*1 6 by way .of step S,1 5. .Then, once all the test 
operations have been completed up to a lowest recordin g. speed settable jn the'opticardisk recording apparatus 1 6, the 
system-dependent* optimum recording speed determining test is brought to an end at step SI 7 by way of step SI 5. 
Through the above-mentioned operations, the determination results as to the presence/absence of the buffer underrun 

35 are stored into the hqstppmputer 14 .for aN.the recording. speeds, settable jn the optical disk recording. apparatus 10. . 
Note that when one of the settable recordinjg sbeeds^which causes no buffer underrun has been found tor the first time 
through the above-mentioned operations, all the remaining settable recording ..speeds may be judged as causing no 
buffer underrun and then the optimum recordin g.speed.determ It shoujd also 

be appreciated that this system-dependent optimum recording speed determining test need to be conducted only once 

40 wh e n th e i nsta n t system is b rga n iz ed r into an ope rabl e ^cpn diti on Jo r the f i rst t irne . Afte r th at^ th e same dete rm i nati o n 
results stored in the host computer -1 4 can be used repetitively unless the system organization is changed. 
[0021 ] In Fig. 3, there is shown ,an .exemplary sequence of operations performed in the media-dependent optimum . 
recording speed determining' test. This" 'med}a-dependeM recording speed determining f testjs also used for 

determining an optimum recording laser power level.' When the optical disk 18 iVloa^ed intb^ 

45 apparatus 10 with the system'-dep^eiident' optimum recording speed determining test already completed in the gfo.res.aid, , 
manner, a predetermined speed setting page is opened on a dispjay^pf the.h^ select 
or enter a desired recording "speed on the page', at step S20;" in this case, the user can's el ect'feifher a maximum 4 value. 
or a specific desired value of the recording. speed. When the maxjmurn. value has been entered by the^user, a highest 
one of the recording speeds, which have been judged as causing no buffer underrun through.th^ above -described sys- 

50 tern-dependent optimum recording speed determining test, is set autbrnatically. Various* examples^ trie^peed setting 
page shown on the display when a specific desired value of the recording speed has beeWseiected,by the user are.illus-' 
t rated in Figs. 5 A - 5D. Specifically Rgs._5A 1 5D illustrate Various" examples of the speed setting page in the'case where 
the recording speeds settable in the optical disk recording apparatus 1 0 are no rrriaf ( onetime), ^ouble. quadrupie, four- " 
times, six-times, eight-times and ten : time\speeds.. Note' that the maximunrf recording speed settable. by the optical. disk 

55 recording apparatus 1 0 may differ depending on the type (such as the CD-R, CDrRW or the like), of the optical disk 1 8 
used; in such a case, the recording apparatus 10 identifies the type of the loaded optical v djsk \ 8 from AT!P (Absolute " 
Time ln : Pregroove) information recorded thereon and displays a listing of. the settable' recording speedsjor the identi- 
fied disk type. 
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[0022] When all the recording speeds displayed on the speed setting page have been judged as achieving appro- 
priate recording without causing the buffer underruri as a result of the above- described system- dependent optimum 
recording speed determining test, the speed setting page is displayed initially in the manner as shown in Fig. 5A, via 
which all the recording speeds can be selected by the user. Fig. 5B shows another speed setting page displayed when 
5 the eight-times and ten-times recording speeds have been judged improper as causing the buffer underrun through the 
system-dependent optimum recording speed determining test, and thus in this case,. the recording speeds not higher 
than the six-times recording speed can be selected by the user as proper speeds; more specifically, in the example of 
Fig. 5B, the six-times recording speed has been selected by the user, as denoted by a black dot within a small white 
circle. 

10 [0023] Once a desired recording speed has been selected or designated by the user operation on the speed setting 
page, the host computer 14 gives an instruction to the optical disk recording apparatus 1& to execute optimum power 
control (also known as OPC) at the selected recording speed, at step S21 of Fig. 3. In response to the Instruction from 
the host computer 14, the optical disk recording apparatus 10 sets its recording speed W the user-designated speed at 
step S22 and then executes the optimum power control in accordance with an operational sequence preset for the 

15 apparatus 10, at step S23. The optimum power control may be carried out here in any conventional ly-knowri manner, 
one example of which will be explained briefly hereinbelow. The optical disk recording apparatus 10 generates a test 
signal for the optimum power control operation by means' of an OPC test signal generation circuit 44 of Fig. 1 , and 
records the test signal onto a power calibration area (PCA) of the optical disk while sequentially changing the power 
level of the recording laser light beam 23 in on astep-by-step,basis:Then; the recorded test signals are reproduced so 

20 as to measure parameter values pertaining to the quality of the reproduced signals corresponding to the various record- 
ing power levels. Examples of the parameter values measured here'may include so-called p values of the reproduced 
high frequency (HF) signals, inthe case of the CD-R or CD-RW disk; If top and bottom peak levels of the high frequency 
signal relative to a predetermined reference value are given as "a" and "b", respectively, as shown in Fig. 4, the P value 
can be calculated by " ' . - t . \ ... 

p= (a-b)/(a + b) ■ - ~ y'< '- ' • * - --■ Expression (i K 

The ex'amplesof the parameter values may also include parameter values pertaining to the total-number bfdetected 
frame synchronization signals within a predetermined time period. Table* 1 below shows ? measures' of the-nurriber of 

30 detected frame synchronization signals and p value of a CD-R disk, manufactured by-a certain manufacture rand having 
a recording layer containing a cyanine-based dye, which were obtained' in relation^ to various recording power levels, by 
performing the optimum power while changing the power level of the 'recording' laserTight beam in 15 Steps to record 
the test signalsontd the optical disk and then reproducing the recorded test "sTgnalS^ from the optical disk! In the table/ 
"No.0" and "No. 14" represent highest and lowest laser power levels, respectively, and intervening 7 "No?1" - "No: 13" rep- 

35 resent recording laser power levels between the highest and lowest laser power levels. ; ' v ; ' ' 
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Table 1 (continued) 
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70 [0024] Referring back to Fig. 1 , a p value calculation circuit 46 calculates a p value for each of the recording laser 
power, levels, on the basis of .Expression (1) above, during reproduction of the signals recorded through the optimum 
power control (OPC) operation. In,parallel with the P value calculation by the calculation circuit 46, a detection/counting 
circuit 48 detects and counts the.total. number of detected EFM frame synchronization signals for each of the recording 
power levels. Once the number of detected EFM. frame synchronization signals and.p value have been measured 

75 through the optimum power control operation for each of the recording power levels,. the system controller 40, on the 
basis of the measured results, determines whether there is achieved any recording laser power level that can provide 
reproduced signal quality falling within an acceptable range (steps S24 and S25 of Fig. 3). More specifically, the deter- 
mination at step S25 is made by ascertaining .whether or not any of the recprding iaserpower levels allows both" of the 
number of detected EFM frame.synchVpnization signals and P value to fall wjthin their respective acceptable ranges. For 

20 example, the acceptable range, for the number of detected EFM frame synchronization signals may be set to "70" or 
more, and the acceptable range, for the. p value may be set to -67110%. Using such acceptable ranges, it can be seen , 
that recording laser power levef No. 7. in Table 1 achieves such "reproduced signal quality. falling within the acceptable 

ran 9^ , • 'vv'- -X , ; ■.. .'JV.'- /. . 

[0025] If there is achieved no recording power level that can provide reproduced signal quality falling within ttie 
25 acceptable range as determined at step S25, then the optimum power control operation is performed with the recording 
speed increase ,ratio lowered by one step, at step S26 of Fig. 3. .. 

[0026] The optimum power control (OPC) operation is repeated by sequentially lowering the recording speed 
increase ratio on. the step-by-stepj basis until a proper recprding speed increase ratio is found which achieves.a record- 
ing power level that can provide .reproduced signal quality Jailing within the acceptable range. Once Jhere has,been 

30 found such a. recording speed increase ratio achieving the recording power ieye[ that can provide, reproduced signal 
quality falling within the acceptable range, the.optimum power control operation is brought to an end, and the results of. 
the optimum power control operation, are transmitted Jo the s host computer 14, in response to which .the, host computer 
14 again»opens the f speed, setting^page at .step S27 v , Fig. 5C/howsan example of the speed setting page displayed at 
this step S27. On the : basis.oUhe display of- Fig. 5C, it is a'etemiined that the, six-times recording speed (X6) achieves 

35 no recording laser power level that can provide reproduced signal' quality falling within.the acceptable range and the - 
quadruple recording speed (X4) achieves a recording power level that can provide reproduced signal quality falling 
within the acceptable range; thus, in Fig. 5C, the quadruple recording speed and other speeds lower than the same are 
being displayed as proper (or recommendable) speeds. If the recording speed initially selected by the user on the initial 
speed setting page is other than the-recommendable;sDeeds x of Fig.-5C as determined at, step S28 of Fig. 3, then a 

40 warning is displayed on the speed setting page at next step S2S in order to prompt the user to change the recording 
speed. Fig. 5D shows a srtuatibn..wJxere lhe„user has^changed' the recording speed to^the^quadruple recording speed 
among the recommendable speeds irf response to the displayed warning* Then, once the user, depresses an OK (final 
speed selecting) button on the .speed .setting page, the optical disk recording apparatus 10 is set to the finally-selected 
recording speed so that actual* recording is effected at step S30 after setting the drive to the finally-selected recording 

45 speed. Note that although the actual recording can be effected without regard to the- warning, resultant recorded data 
will have poor reliability in such' a case.. Therefore, the optical disk recording apparatus 10 may. be programmed so that 
no other recording speed than the recommendable speeds can be set as' a speed for the actual recording. 
[0027] Recording laser power level for the actual recording can be set on the basis of the p value measures 
obtained through the OPC operation in the media-dependent optimum recording speed determining test performed for 

50 the set recording speed; that \s\ the recording laser power level capable of providing the optimum P value is determined 
and set on the basis of the measures, for example, through linear interpolation. In the'case where one of the recording 
speeds providing the results of Table 1 is to be set as the recording speed for the actual recording and if the optimum p 
value is -67%, the recording laser power level can be determined as a value between, the No's. 7 and 8 power levels 
through linear interpolation. As a consequence, the instant embodiment can eliminate a need for a separate OPC oper- 

55 ation for determining an optimum recording laser power level as has heretofore been performed in the conventional opti- 
cal disk recording apparatus 

[0028] As a modification of the present invention, the optical disk recording apparatus 10 may further include an 
optimum recording speed/power information generation circuit 50 that generates data indicative of the recommendable 
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recording speeds obtained through the media-dependent optimum recording speed determining test and data indica- 
tive of recording power levels capable of providing optimum 0 values at the individual recommendable recording 
speeds, at an appropriate time point after completion of the media-dependent optimum recording speed determining 
test, and these data may be prestored as part of main data in a predetermined area, such as the PCA (Power Calibra- 

5 tion Area) or PMA (Program Memory Area), of the optical disk 18. In this case, it is possible to eliminate the need for 
repetitively performing the media-dependent optimum recording speed determining test on the same optical disk 1 8, by 
reading out and displaying the prestored data when the optical disk 18 is re-loaded into the optical disk recording appa- 
ratus 1 0 on a next occasion so that the user can select and set one of the displayed recommendable recording speeds 
to thereby set the recording laser power level to a value capable of providing an optimum 0 value at that recording 

io speed. •* • •-. 3 

[0029] The preferred embodiment has been described above as sequentially repeating the media-dependent opti- 
mum recording speed determining test until a recording speed judged to be proper is found. However, a modification 
may be made such that results of the optimum power control are recorded at a time'for all the recording speeds judged 
to be proper as a~ result of the system-dependent optimum recording speed determining^test and the thus-recorded 
15 results are then reproduced simultaneously so that suitability/n on -suitability of the recording speeds is determined by 
ascertaining, for each of the recording speeds, whether there is achieved any recording laser power level capable of 
providing reproduced signal quality falling within the acceptable range at that recording speed. ' 

Claims 

1 . A method of determining an optimum recording speed of an optical disk, said method comprising the steps of: 

performing test recording on the optical disk at a given recording speed while hanging a recording iaser power 
level, and reproducing results of the test recording from the optical disk; ' L " c ' 

25 measuring parameter values pertaining! to reproduced signal quality on the basis of the reproduced results* 

and ..:.•* 

determining, on the basis of the parameter values, whether there is 'achieved any laser power level that can 
provide reproduced signal quality falling within a predeterm'ined accepfabie range, " ^ * ' 

wherein when it is determined that there is achreyerfthe^elpoWer levej that carf provide reproduced " signal 
30 quality falling within the predetermined acceptable range, said given record in g speed is judged as a proper 

recording speed, while when if is determined that there is achieved'no las~er ? power level that can provide repro- 
duced signal quality falling within the predetermined acceptable range, said given recording speed is judged 
as an 'improper recording speed. ' ' ' * ' ' : " * r " 

35 2. A method of determining an optimum recording speed of an optical disk, said method comprising the steps of 

performing test recording on the optical disk while changing a recording speed and a recording' laser power ' 
. level, and reproducing results of the test recording from the optical disk; 

measuring parameter values pertaining to reproduced signal quality" on "the basis of the reproduced results; 

and * ' ' ' ' ! •> • v* ^ . \ j * 

determining; oh the basis of the parameter values, whether there is achieved any laser poweVieyel that can 
provide reproduced signal quality falling within a predetermined acceptable range, *' : " ' ' ' 
wherein a recording speed achieving the laser. power level that; can provide reproduced signal quality" falling 
within the predetermined acceptable "range is judged as a* proper recording speed; While another recording 
speed achieving no laser power level that can provide reproduced signal quality falling within the predeter- 
mined acceptable range is judged as an improper recording speecJ. ' ~ 

3. ^method as claimed in claim H or 2 wherein said parameter values pertaining to reproduced signal quality include 
at least parameter vaiues relating to a total number of detected synchronization signals within a predetermined time 
so period and a ratio between top and bottom peaks of a reproduced HF signal, and wherein a recording speed 
achieving a laser power level that allows both of the parameter values relating to the total number of detected syn- 
chronization signals and the ratio between top and bottom peaks to fall within respective acceptable ranges is 
judged as a proper recording speed. 

55 4. A method as claimed in any one of the preceding claims which further comprises the steps of: 

causing recording data to be transferred from a host computer to an optical disk recording apparatus so that 
said optical disk recording apparatus records the recording data onto the optical disk with a reproducing laser 
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power level while changing a recording speed within a recording speed range settable in said optical disk 
recording apparatus; 

determining whether a buffer memory of said optical disk recording apparatus will cause buffer underrun during 
recording of the recording data, to thereby identify one or more recording speeds that can avoid the buffer 
5 underrun; and 

performing the test recording by use of one of the recording speeds that can avoid the buffer underrun. 

5. A method of setting a recording speed of an optical disk wherein one or more recording speeds judged as proper 
through the method recited in any one of the preceding claims is displayed in such a manner that one of the dis- 

io played recording speeds can be set for use in actual recording on the basis of a speed designating operation by a 

' user. , , . . 

6. A method of setting a recording speed of an optical disk wherein one or more recording speeds judged as proper 
through the method recited in any one of the preceding claims is stored onto a predetermined area .of the optical 

is disk, and wherein as the opticaldisk is re-loaded into an optical disk recording apparatus, information indicative' of 

the recording speeds judged as proper is read out from the predetermined area and displayed in such a manner 
that one of the displayed recording speeds can "be set for use in actual recording on the basis of a speed designat- , 
ing operation by a user without a need for performing the test recording again. 

20 7. A method of setting a recording speed of an optical disk, said method comprising: 

a step of performing test recording on the optical disk with a recording speed initially set to a maximum availa- 
ble speed ; whi|e changing a recording laser power level, .and reproducing results of the test recording from the 
opticaldisk; .... V * . .. ,« ; 

25 a step of measuring parameter, values pertaining to reproduced signal quality on the basis of the reproduced 

results " 

a, step of, when there is achieved. a, recording laser power level that can provide reproduced signal t equality 
higher than a predetermined value, terminating the test recording at the recording speed, but .when there is 
achieved no recording iaser power levef that can provide reproduced signal quality higher than the predeter- 

30 " mined value, performing the test recording; while sequentially lowering the recording speed and terminating the 

V test recording at a recording. speed thafcan provide reproduced signal quality higher than the. predetermined 
value; and. . , . . . L - . v : ... ; • . . .. , 

a step of displaying, as a recdmmehdable or* settable recording speed, each' recording speed h.avjng peer* 
used at the time of termination of the test recording in such a manner that the displayed recording speed can 

35 be set for use in actual recording. . . ..... .. 

: * r . *.':*■ •■: " r j • * •* ' - • . ■ ?- , * • J /' * » . • ' t • i«- 

8. A method as claimed in claim. 7 which further comprises the steps of: . s . » . 

causing recording .data to be transferred from a host. computer to an optical disk recording apparatus so that 
40 said optical disk recording apparatus records the recording' data onto the optical disk with a reproducing laser 

power level while changing a recording speed within a recording speed range settable in said optical disk 
recording apparatus; " ' " , . ' ' . 

determining whether a buffer memory of said optical disk* recording ^appar^tus will cause buffer underrun during 
recording of the recording data, to thereby identify one' or more recording' speeds that~can avoid the buffer 
45 * underrun; and . * .. - 

setting a highest one of the one or more recording speeds as said maximum available speed. . % _ c , f _ 

9. A method as claimed in claim 7 or 8 which further comprises a step of displaying a warning when it is determined, 
as a 'result of the test recording at the maximum available speed, that there, is achieved no recording laser power 

so level that can provide reproduced .signal quality higher than, the predetermin ' , p . ( ! 

10. A methocT of setting a recording speed of an optica | disk, said method comprising: , ^ ' 

a step of performing test recording on the optical disk with a recording speed initially set to" a desired speed 
55 designated by a user operation while changing a recording laser power level, and reproducing results of the 

test recording from the optical disk; * 

a step of measuring parameter values pertaining to reproduced signal quality on the basis of the reproduced 
results; 
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a step of, when there is achieved a recording laser power level that can provide reproduced signal quality 
higher than a predetermined value, terminating the test recording at the recording speed, but when there is 
achieved no recording laser power level that can provide reproduced signal quality higher than the predeter- 
mined value, performing the test recording while sequentially lowering the recording speed and terminating the 
test recording at a recording speed that can provide reproduced signal quality higher than the predetermined 
value; and 

a step of displaying, as a recommendable or settable* recording speed* each recording speed having been 
used at the time of termination of the test recording in such a manner that the displayed recording speed can 
be set for use in actual recording. .......... 

1 1 . A method as claimed in claim 1 0 which further comprises the steps of: r 



causing recording data to be transferred from a host computer to an bptical disk recording apparatus so that 
said optical disk recording apparatus records the recording data^ooto the optical disk- with a reproducing laser 
is power level while changing a recording speed within a recording speed range settable in said optical disk 

recording apparatus; and ■ 

determining whetheVa buffer memory of said optical djsk recording apparatus will cause buffer underrun during 
recording of the recording data, to thereby identify one or more recording speeds that can avoid the buffer 
underrun, ; " " ' - '"*" " - . — 

20 wherein the user is, allowed to designate an initial recording speed" for" the test recording" from* among the 

recording speeds that can avoid the buffer underrun.^ " '* • 

12. A method as claimed in claim 10jor 11. which further comprises- a step of displaying- a warning when it is deter- 
mined, as a result of the test recording at the recording speed designated by the user, that there is achieved no 

25 recording laser power level that can provide; reproduced signal quality higher than the predetermined value. *"* 

13. An optical disk recording method wherein actual'recprding.is performecfoaan optical disk at a recording speed-that 
is set for use in the actual recording through the method as Vecitecl in any one of claims 5 to 12, by, on t the basis of 
the test recording, setting therecording laser power level .to a value wHith which there has been provided repro- 

30 duced signal quality within the predetermined accepatable" range: C * ! \* tj : s \ •■• i 

- • ■* | \tr '\,'' ' ". . 

f • ? ' .'^ ±. " - \» 
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